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Abstract 
This paper investigates 3D immersive and collaborative environments designed for educational purposes, as a support for 
constructivist and experiential learning models, appropriate for artistic education and skill transfer, and in particular for teaching 
and learning the art of traditional design. The author’s research method is based on a comparative analysis of educational 
environments based on Virtual Reality (VR) and respectively on Augmented Reality (AR)/Mixed Reality (MR) as particular 
immersive environments for developing students’ 3D spatial skills, their cultural awareness and also for enabling self-training 
and social and professional collaboration. An additional purpose of the paper is to present design criteria to consider when 
creating high quality virtual educational spaces. The author will apply these findings in a doctoral thesis, and also in a research 
project at the National University of Arts, Bucharest, regarding an e-learning system for traditional design. 
 Keywords: traditional design, virtual reality, augmented reality, constructivist learning. 
1. Introduction    
Learning styles and pedagogical models have diversified with advancements in IT&C technologies and have 
been strongly influenced by recent developments in 3D graphics and computer games, and also by the spread of 
handheld and mobile devices. These technologies have generated new paradigms of teaching and learning, such as 
social and constructivist learning styles. 
This paper investigates how teaching and learning the art of traditional design can benefit from specific types of 
educational systems based on Virtual Reality and Augmented/Mixed Reality, if designed to be immersive and/or 
collaborative. These technologies can facilitate spatial visualization, 2D/3D model manipulation and transformation, 
and can provide historic and cultural backgrounds by means of 3D graphical reconstructions.  
The design of immersive educational systems leverage the concept of Reality-Virtuality Continuum, as defined 
by Milgram & Kishno (1994). Virtual Reality (VR), Augmented Reality (AR) and Mixed Reality (MR) target and  
support different types of pedagogical and learning styles based on specific levels of user immersion and 
interactivity. They can be used to create sensorial virtual reality spaces, combined reality-virtuality views (AR, MR), 
spatial projections (AR), tangible surfaces (AR) or user-content authoring (AR)  including  graphical objects.  From 
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an instructional design point of view, recent virtual educational environments are taking elements from game theory 
and from multi-user role-based games (MMORG), which represent a subset of online virtual worlds.  
The educational systems discussed in this paper are modern forms of blended learning, because they implement 
virtual education and are complementary to physical presence based education. 
2. Methods 
During his research, the author has studied essential concepts, technologies and choices available for new or  
existing environments. The author has also analyzed instructional design principles for 3D immersive virtual and 
augmented educational applications. This paper briefly presents findings on the essential aspects of different types 
of 3D immersive systems and their usage for a constructivist learning style; examples from literature are given for 
known virtual spaces and augmented reality projects. This paper will consider the points of view of educators, who 
may conceive the instructional design or choose from different existing environments, and also the points of view of 
students, who are engaged in learning and practicing skills using modern learning environments. 
3. Purpose of study 
The author’s purpose is to apply the findings to her doctoral thesis on 3D virtual learning systems and to a 
research project conducted by the National University of Arts Bucharest, for the implementation of an e-learning 
system for teaching and learning the art of design of traditional habitats, which involves architecture design and 
several complementary crafts applied to making furniture, ceramics and textiles. 
4. The e-learning context 
At present, in the e-learning domain, the emphasis is changing away from digital online education as forms of 
blended learning towards  mediated “virtual” and “augmented” environments, and also to a combination between 
these and the real world. Information traditionally presented in 2D, although remaining valid, is now often changed 
to 3D or to pseudo-3D (2.5D) visualization. The diversification of educational paradigms allows for a transition 
from the accumulation of passive knowledge to larger cognitive processes, involving perception and understanding, 
exploration, experiencing, simulation, construction, training.  
Two different learning models are equally developed. One is collaborative and participative; knowledge is 
developed, assimilated and shared within a group. The other is person-centered; contextual and autonomous learning 
take place. The latter is seen more in informal, adult or lifelong educational processes. Both of these models are 
appropriate for artistic education, in which knowledge acquisition and consolidation are strongly dependent upon 
training and practice.  
5. Research findings 
Constructivism is a learning theory which is considered to involve an “active, natural and social learning process” 
(wikipedia contributors).  According to Driscoll (2000), “Constructivism has multiple roots in the psychology and 
philosophy, among which are cognitive and developmental perspectives of Piaget, the interaction and cultural 
emphases of Vygotsky and Bruner, the contextual nature of learning, the active learning of Dewey” (p. 375).  
Collaborative learning, in contrast with individual learning, allows students to learn within a group, sharing one 
another’s resources and skills.   
Jonassen (1999) predicted that “virtual reality may become the default method for representing problems” (p. 
221). The 3D virtual learning environments (3D VLEs) possess a collaborative and interactive nature and are 
adequate to support the constructivist learning style. The 3D VLEs use “simulations to create environments for a 
learner to participate in simulations where they can explore the observable world and abstract concepts” (Darvasi, 
2008, wiki site dedicated to VLEs). Darvasi (2008) adds that “the freedom and decision making potential afforded 
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by 3D VLEs encourages learners to take responsibility for their own learning, as they can actively choose paths, 
objects and define their own learning outcomes”. 3D VLEs are immersive, i.e. they give the illusion of a physical 
presence in a 3D virtual learning format (Dickey, 2003), instead of using traditional text and digital media to render 
the educational message. Barab and  Duffy (2000) defined concepts such as situated  and experiential learning which 
situate students in environments and contexts which are not available within a real classroom.  
The 3D VLEs can be networked, creating a virtual working space for distant learners, where they can meet, 
collaborate, exchange experience and knowledge (Darvasi, 2008).  Kalay (2004) explains that “virtual places afford 
group learning, of the kind enjoyed by students gathered in a (physical) classroom, lab, or library, where they 
‘know’ they are in a communal space, are aware of the social process of learning, and are affected by the presence 
and behavior of their fellow students” (p. 196). 
5.1. Virtual Reality based learning environments 
Virtual Reality (VR) based environments allow a participant to be immersed in an artificial, constructed world, 
which may or may not resemble the real-world environment. A VR space may have nothing in common with a 
physical reality “by creating a world in which the physical laws governing gravity, time and material properties no 
longer hold” (Milgram et al., 1994, p. 2). Virtual Reality refers to a set of technologies based on “3D computer 
graphics, real time simulation techniques, and a wide array of input and output devices to create illusions of being in 
a virtual environment.” (Biocca and Delaney, 1995, p. 2).   
The VR systems can be non-immersive, partially immersive or fully immersive - when they “immerse the senses 
of the user in computer controlled stimuli. The computer tracks the motion and perspective of the user. It is then able 
to update the environment in real time according to where the user is looking or moving” (Biocca and Delaney, 
1995, p. 2). The immersiveness is created by means of HMD (Head Mounted Devices) and the interaction may be 
provided with haptic or force-feed gloves. CAVE is an example of an open virtual environment which uses 
projections on 3 to 6 surrounding walls. 
 
 
 
Figure 1  An immersive VR space. Copyright Ivan Poupyrev (2001) 
5.2. Online virtual worlds 
Online virtual worlds are playing an increasingly important role in education. Virtual worlds date back to the 
computer games of the 1970s, such as “Colossal Cave Adventure”, which was at that time merely a text-based 
simulation. In these online 3D virtual worlds, the individuals can be visually represented by means of avatars. That 
pose new challenges for educators. Online virtual worlds are mere “infrastructures” where the “inhabitants” create 
their “lives”; that is why are often referred to as “metaverses” i.e. “alternative universes”.  To transform such a 
world into an educational space, pedagogical design and serious content are needed. 
According to Sykes and  Oskoz (2008, p. 528) there are three types of 3D virtual environments: Open Social 
Virtualities (e.g. Second Life, There, Quest Atlantis, Active Worlds, Teen Second Life); Massively Multiplayer 
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Online Games (MMOGs) (e.g. World of Warcraft, Everquest, Eve Online); and Synthetic Immersive Environments 
(SIEs) i.e. “visually rendered spaces which combine aspects of open social virtualities with goal-directed gaming 
models to address specific learning objectives”. Croquelandia, ZON, Edusim, Umgumbo are examples of such SIEs.  
The synthetic immersive environments (SIEs) are designed for educational purposes,  support collaborative and 
constructionist environment, in which “learners themselves are at the center of their own learning” (Sykes and 
Oskoz, 2008, p. 536).   
Second Life can be used as immersive (Canfield, 2008), collaborative or  game-like (Chan, 2008) environment.  
Edusim is a “3D virtual world like Second Life for the classroom interactive whiteboard or interactive surface” 
(Edusim home page).  
For artistic education, the interest in SIEs resides in an immersive and collaborative pedagogical model. 
5.3. Augmented Reality based systems 
Augmented Reality (AR) is the combination of real-world and computer-generated data so that computer 
generated objects are blended into a real-time view of the physical world. VR can completely immerse a user inside 
an artificial environment, disconnecting him/her from the real world around him or her. In contrast, AR allows the 
user to continue to see the real world, enriched with extra information and virtual objects.  
Augmented Reality is a precisely defined technology,  conceptually different from Mixed Reality, which requires 
a process to: 1) combine real and virtual; 2) be interactive in real time; 3) be registered in 3-D (Azuma, 1997).  
AR also provides a kind of user interface in which the user naturally interacts with the reality, i.e. it is his or her 
behavior or movement that triggers enhanced views of the reality. AR technology also allows for collaborative work 
by means of AR augmented and tangible surfaces (Poupyrev, 2001; Studierstube, 2012) or spatial AR (SAR).  
According to Poupyrev (2001), “the simplest and most natural approach to adding interactivity to information 
browsers is to use 6DOF input devices which are commonly used in VR interfaces, to allow the user to manipulate 
augmented virtual objects in 3D space.” In these cases, HMDs are required and special-purpose input devices for 
virtual objects; the user manipulates physical objects with his hands. This can be implemented by registering 
“virtual objects on the surfaces, using either overhead or back projection. The user can then interact with virtual 
objects by using traditional tools, such as a pen, which are tracked on the augmented surface using a variety of 
sensing techniques” (Poupyrev, 2001, p. 16).  
Present smartphone devices offer an affordable and light-weight AR platform, also called Mobile AR (MAR), 
which provides geographic-based information and also interactive and collaborative experiences. MAR supports 
situated, experiential learning paradigms and can be used for in-situ dynamic content creation, content annotation 
and sharing (e.g. by tweets or micro-blogging). Typical MAR applications are designed as information-browsers and 
make use of fiducial markers or computer-vision techniques in order to recognize and “augment” real images or 
objects.   
 
 
 
 
Figure 2 Collaborative design in an AR installation. Copyright Ivan Poupyrev (2001) 
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6. Design criteria 
In a constructivist learning style the instructional design must be begin from the pedagogical affordances  of the 
specific environment. Teachers should design their classes to the appropriate degree of difficulty, stimulate 
creativity, encourage knowledge sharing, develop case studies, and enable the establishment of evaluation criteria. 
7. Conclusions 
Teaching and learning traditional design in virtual or mixed spaces can benefit from spatial perception and 
exploration. Students can understand and apply concepts, perceive proposed models and artefacts or create their own 
in an interactive and stimulating environment. Multi-user collaborative spaces can add a social, competitive or 
cooperative component. Using VR spaces, students and teachers can work in an artificial re-created world in which 
understanding is mediated through an immersive multi-sensorial exploration. Alternatively, AR displays views with  
almost imperceptible line between reality and the created world, providing a different kind of immersion.  
There are several choices to make among existing technologies and environments, each possessing different 
learning potentials and specific pedagogical design criteria. Teachers should personally design and evaluate classes 
within existing open environments, or become involved in the more difficult task of designing their own educational 
environments, based on their ability to create 3D spaces and models. Teachers have the opportunity to contribute to 
the implementation of their educational tools.  
The author sees major educational potential in VR environments, online open worlds (e.g. Second Life) and in 
interactive AR applications or state-of-the art spatial projections.  
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